Presence of "persistent", "directional-current" in a superconducting states is a direct "threat" to the 2 nd law of thermodynamics. In this paper we will show that there will never be a directional, (either clockwise, or anti-clockwise) "persistent-current" for "infinite-time" in any superconductor (or in any material at any pressure or temperature), otherwise 2 nd law of thermodynamics will break down! We will show that the presence of very small, non-zero, finite, electrical resistance below the critical temperature and critical magnetic field in a superconductor is the clear "signature"
ing "effectively-zero-resistance", because if one plot the same resistance versus temperature curve on logarithmic plot, then one notice that resistance is not "exactly" zero below the 90K. There is "non-zero", finite resistance at any temperature, even at 0-K. The origin of this resistance is due to pure quantum mechanical effect (for more detail, read 9 ). It has nothing to do phonon scattering with electrons. However, phonon does contribute in finite resistivity or finite conductivity at any non-zero temperature. The net resistance at any temperature will be the sum of resistance arises due to quantum mechanical effect, resistance due to phonon scattering, and contribution due to other impurity scattering mechanism. The net resistance will never be zero at any temperature or pressure. Only net resistance value can be minimized, but this value will never become "absolute-zero". If one see YBa 2 Cu 3 O 7−δ film I − V curve (see in Figure 2 ), then, one notice that there is finite voltage drop at any current value, below the transition temperature (90K).
Finite "potential-drop" (see in Figure 2 ) below the transition temperature at any applied current suggest that there is "finite-resistance" during superconducting-state in YBa 2 Cu 3 O 7−δ films. This resistance is the sum of quantum mechanical resistance plus the resistance arises due to temperature (phonon contribution). Value of this resistance can be minimized but this net value will "never" become " absolute-zero". The reason that net resistance will never become absolute-zero at any temperature (even at 0K), because resistance arises due to quantum mechanical effect will always contribute. This quantum part of resistance is immortal at any temperature (for more details, read 9 ). Presence of very small, non-zero, finite resistance during superconducting states will guarantee that no current in superconducting material will survive till infinite time. This current will never become "immortal" in the presence of very small, finite, non-zero resistance. Thus we are concluding that circulating current in superconducting states will "vanish" in finite time. Finite time may be one second, one minute, one hour, one day, one year, 100 year, or 10,000
year. 10,000 year is also a finite time. If current persistent long, then there is a great chance and greater certainty that some electronic device can be made based on the superconducting material, which can be used to improve living standard. Existence of very small, nonzero, finite-resistance at any temperature (even at 0-K) below the transition temperature will "guarantee" that superconducting-current will "die" its own natural death in a finite time, and thus, 2 nd law of thermodynamics will "win" this battle with full certainty.
The same YBa 2 Cu 3 O 7−δ superconducting film can be modeled using inductance and resistance elements, whose value will be equal to the superconducting inductance and resistance value (see in Figure 3 There are two free energy exist in thermodynamics. One is Gibb's free energy and other is Helmholtz free energy.
We guess that they are talking about Gibb's free energy. Take any thermodynamics system, which has total free energy or total maximum available energy for reversible work is equal to E − ST . Question is whether E − ST is the maximum amount of "non-expansion work" that can be extracted from a thermodynamically closed system, or one can extract even more? Alexey Nikulov and Daniel Sheehan are arguing that they can extract even more than E − ST ! Let critically analyze this problem. If we take Gibb's free energy F = E − ST , then first term corresponds to the total internal energy (H) equal to chemical energy(U) plus pressure-volume energy(PV), whereas second term ST correspond the thermal energy. Lets take an exothermic reaction in which total chemical energy decreases after reaction. Thus E term decreases, because we are dealing "non-expansion work", so no expansion allowed. Now look the second term ST. If process is exothermic, then temperature of the system will increase, which indirectly increase entropy, S. Or, other possibility is that entropy S, increases at the constant temperature T through expansion of the volume, but expansion of volume is not allowed! So, only first scenario can happen.
In first scenario first term E decreases, whereas second ST increases. Net δE − δ(ST ) term decreases and turns negative, which contradict the essence of "thermodynamics equilibrium" that the change in Gibb's free energy at equilibrium must be zero. And thus this process is "impossible". If one analyses the endothermic case, then total change in Gibb's free energy at equilibrium will turn positive, which again contradict the essence of thermodynamic equilibrium that change in Gibb's free energy at thermodynamic equilibrium must be zero. So, endothermic process is also not allowed. So, neither exothermic nor endothermic process is allowed for extracting further reversible work. Let see if process is neither exothermic nor endothermic. If process is neither exothermic nor endothermic, then δE will be zero, and thus change in second term will also be zero, because their is no shuffling of energy can take place. What we can conclude now is that, What we can say here is that this will "never" happen anytime. The day this happen, one can go back in past, 
III. CONCLUSION
In this paper we have tried to resolve the conflicting issue between 2 nd law of thermodynamics and persistent current during superconducting states in a superconductor. We have shown that the presence of very small, finite, non-zero, electrical resistance below the critical temperature and critical magnetic field is the clear evi- dence of finite life-time of circulating current in a superconductor. Since, according to laws of thermodynamics, every directional process in nature is irreversible (degree of irreversibility vary from process to process, but no directional process is 0% irreversible, or 100% reversible) and has finite lifetime, therefore, circulating current will not persistent continuously infinite time in a superconductor. We have shown that the presence of very-small, non-zero, finite resistance in superconducting states is the direct evidence of validation of the 2 nd law of thermodynamics at quantum mechanical level.
We hope that this paper will clear the controversy surrounding the 2 nd law of thermodynamics at quantum mechanical level, and will stimulate the scientific community
